We search for RR Lyrae stars in 27 nearby (< 100 kpc) ultra-faint dwarf satellite galaxies using the Gaia DR2 catalog of RR Lyrae stars. Based on proper motions, magnitudes and location on the sky, we associate 47 Gaia RR Lyrae stars to 14 different satellites. Distances based on RR Lyrae stars are provided for those galaxies. We have identified RR Lyrae stars for the first time in the Tucana II dwarf galaxy, and find additional members in Ursa Major II, Coma Berenices, Hydrus I, Bootes I and Bootes III. In addition we have identified candidate extra-tidal RR Lyrae stars in six galaxies which suggest they may be undergoing tidal disruption. We found 10 galaxies have no RR Lyrae stars neither in Gaia nor in the literature. However, given the known completeness of Gaia DR2 we cannot conclude these galaxies indeed lack variable stars of this type.
1. INTRODUCTION Ultra-Faint dwarfs (UFDs) are the most common type among the satellite galaxies of the Milky Way. These tiny galaxies are valuable for our understanding of galaxy formation since they are the smallest darkmatter dominated systems known. Their stars are old and very metal-poor, with little chemical enrichment. For a recent review of this type of galaxy see Simon (2019) ; following his definition of a UFD as being those having M V < −7.7, we count 41 currently known UFDs which are satellites of the Milky Way. More than half of these were discovered in the last four years.
Observing and characterizing UFDs is challenging, and indeed not all of the new discoveries have been confirmed as UFDs. Among the list of 41 UFDs, there may be some false detections, and particularly for the fainter candidates, some systems may be globular clusters rather than galaxies. Follow-up observations to measure radial velocity dispersions and deep colormagnitude diagrams (CMD) are essential to determine the true nature of these objects. The main challenge here is the scarcity of stars, the faintest UFDs can have luminosities < 10 3 L . In particular, the upper parts of the CMD are generally quite unpopulated, with no clear horizontal branch (HB), which makes the task of measuring an accurate distance to the UFDs very difficult. The main sequence turnoff is not generally available from the discovery (survey) photometry if the galaxy is more than ∼ 50 kpc distant, and in addition, the contamination by foreground stars and faint background galaxies may be overwhelming. Despite all these difficulties, many of the known UFDs have been investigated in detail; members have been selected via radial velocities, isochrone fitting using deep CMDs have provided ages, velocity dispersions have allowed proof of the dark matter content, and abundance analyses have permitted study of the early chemical enrichment (Simon 2019, and references therein) .
Observations of RR Lyrae stars (RRLs) can be complementary to the methods mentioned above. RRLs are variable stars currently in the core helium burning phase, whose progenitors were stars of ∼ 0.6 − 0.8M (Catelan & Smith 2015) . They are old, 10 Gyrs, thus a good tracer of the type of population expected in UFDs, and are easy to identify because of their light variations, with amplitudes of ∼ 0.2 − 2.0 magnitudes in optical bands and periods of ∼ 0.2 − 1.2 d (Smith 1995) . Furthermore, and very importantly, RRLs are standard candles, which means that we can search for RRLs associated with a UFD based on their position in the sky and their mean magnitudes. If an association is found, then this allows an independent way to obtain a distance to the UFD which in principle should be more precise than an estimate from isochrone fitting, specially for the lowest luminosity systems. Another advantage of using RRLs for this task is that it bypasses the problem of contamination by non-members. Although there are field (Halo) RRLs that can reach to large distances from the Galactic center, their number density quickly declines with increasing distance (e.g. Zinn et al. 2014; Medina et al. 2018) . Hence, the chances of getting one or more RRLs in the location of the UFDs and at similar distance is, most of the time, negligible.
To date there has been a large effort to obtain a census of RRLs in the satellites of the Milky Way, and Martínez-Vázquez et al. (2019) presents an updated table of satellites with known RRLs, which contains 23 Galactic UFDs. Except for two cases, Carina III (Car III) and Willman I, all satellites for which a proper search has been conducted contain RRLs, although for the fainter systems the numbers can be very small.
Here we search for RRLs in UFDs in the Gaia DR2 catalog (Clementini et al. 2019) . Our identifications are based on position in the sky, mean magnitude and proper motions. We have structured this paper in the following way: in § 2 we discuss the limitations of the Gaia catalog for this task and present the methodology used. We also present the sample of UFDs studied here. In § 3 we discuss our results, present the galaxies with/without RRLs, as well as the ones with extra-tidal candidates. In § 4 we determine distances to the systems with RRLs based on Gaia photometry, and in § 5 we summarize the results and discuss future work.
2. METHOD Clementini et al. (2019) present a catalog 1 of 140,784 RRLs from Gaia DR2. Although they acknowledge some of these RRLs are associated with UFDs, they do not show the specific findings for these galaxies. RRLs in Gaia DR2 have mean magnitudes between 9 G 21. The catalog is known to be incomplete, with the completeness function heavily depending on position in the sky since some parts of the sky have been observed more frequently than others, and consequently the sampling of the light curves in some cases is poor enough to not allow recognition of a star as a RRL. Clementini et al. (2019) cite an average completeness of 60%. The advantages of the Gaia catalog of RRLs is that it is all-sky, and goes deeper than any other previous large survey available in the literature.
Our method for searching for RRLs in UFDs is as follows. We compiled a list of all UFD galaxies at distances less than 100 kpc, since more distant galaxies would have RRLs beyond the Gaia DR2 limits 2 . The list of selected UFDs (27 galaxies) is shown in Table 1 . The list contains all UFDs known to the time of writing this paper. Structural parameters such as size, position angle (PA), and ellipticity for many of these galaxies were recently updated by Muñoz et al. (2018) . For those not in their list, we assumed the structural parameters in the discovery papers or in photometric follow-up papers. The number of known RRLs in UFDs was taken from the recent compilation by Martínez-Vázquez et al. (2019) . Table 1 contains in column (12) the number of RRLs found in Gaia for each galaxy. Some of these were already known, but others are new identifications as members of UFDs. Within our limit of distance < 100 kpc we considered all galaxies whether or not they have been searched before for RRLs, since Gaia may contain new members, for example, in the outermost regions of a galaxy which may not have been covered by previous observations.
In addition we compiled proper motion information for confirmed members of each galaxy. These data were taken mostly from Simon (2018) and Pace & Li (2019) . For the latter, no radial velocity measurements are available, so the selected stars are only proper motionselected members. However, we only considered stars with high probability (> 0.8) of being a proper motion member. For Bootes III (Boo III) and Sagittarius II (Sgr II), members were taken from and Longeard et al. (2020) , respectively. Spectroscopic members of Grus II and Tucana V (Tuc V) come from the recent work by Simon et al. (2019) .
We then selected from the Gaia DR2 catalog of RRLs all stars within a circle of radius 1 • . The search area was increased to a 2 • radius for the larger Bootes I (Boo I), Boo III, Ursa Major II (UMa II), and for the disrupting galaxy Tucana III (Tuc III). Most galaxies have half-light radii (r h ) much smaller than this size (see column (7) in Table 1 ). The left panel in Figure 1 shows the case for UMa II. Within a 2 • radius there are 18 RRLs in the Gaia catalog, several of them inside the tidal radius of the galaxy. The color of the RRLs in this plot scales with the mean magnitude of the star. We also identified previously known RRLs in the galaxy with magenta + symbols. The source of the previously known RRLs are in column (17) of Table 1 . UMa II has one, which was also identified in Gaia. We intentionally explored a very large area in order to search for distant possible members which may be candidates for being debris material of galaxies under tidal disruption. Several UFDs are believed to have suffered tidal disruption, with the most clear case being the Tuc III galaxy Shipp et al. 2018; Li et al. 2018b) , which shows clear tidal tails to each side of the dwarf. The Hercules UFD is also believed to be suffering tidal disruption and indeed, extra-tidal RRLs have been identified in this galaxy (Garling et al. 2018) .
We compared the proper motion of the selected RRLs with those for known members in each galaxy. In the middle panel of Figure 1 , the proper motions of radial Figure 1 . The left and middle panels show the map in equatorial coordinates and the proper motions of RRLs within a 2 • radius of UMa II (solid circles). In both panels, the color of the circles scale with the mean G magnitude of the star, and spectroscopic members are shown as grey crosses. Previously known RRLs in this galaxy are marked with magenta + symbols.
In the left panel, the inner and outer ellipses indicate the half-light radius and the tidal radius (rt), respectively (see Table 1 ). Additional constraints are made based on the mean G magnitude of the RRLs and the location on the CMD. We expect all RRLs in a galaxy to have similar magnitude since they all lie in the HB of the galaxy (and there is no dependence of magnitude with period in the G band Muraveva et al. 2018 ). The right panel in Figure 1 shows the Gaia CMD of UMa II. Because UFDs have very few stars, in order to be able to minimize field contamination and be able to distinguish any feature of the galaxy, we limit the CMDs to stars within 1 r h of each galaxy (or 2 r h for the smallest galaxies with r h < 3 since the number of stars in the CMD is otherwise too low). If there were previously known RRLs in that galaxy (magenta +'s), we know the magnitude they should have. In the case of UMa II, there are three additional RRLs with the same magnitude (G ∼ 18.3) as the previously known one. When no previously known RRLs exist, there are estimates of the distance to each galaxy from the literature (column 5 in Table 1 ) which provides an approximate magnitude for the HB. The CMDs were useful also to check the color of the RRLs. It is known that there are some misclassifications in the Gaia RRLs catalog (Clementini et al. 2019) . Indeed, some of our CMDs show some very red RRLs, which are likely misclassifications.
The combination of the CMDs and proper motion plots similar to those in Figure 1 were adequate to identify RRL stars in the UFDs. In the case of UMa II, the 4 RRLs with the same magnitude are also the ones sharing the same proper motion as the galaxy. Our selected RRLs are shown encircled in red in all panels in Figure 1 . In UMa II, all of the identified RRLs lie within the limits of the galaxy. There are however some interesting cases in which extra tidal stars may have been detected.
As a final step, we checked the individual Gaia lightcurves of the selected stars, available from the Gaia DR2 site, as well as image stamps in Aladin. Two (out of an initial selection of 49 RRLs belonging to UFDs) turned up to have very dubious phased lightcurves and, in addition, are listed as likely misclassifications in Appendix C of Clementini et al. (2019) . Table 1 summarizes our results in columns 11-14. These columns contain the number of previously know RRLs, the RRLs found in Gaia with the method above, the number of candidate extra-tidal RRLs, and the total number of RRLs (adding both Gaia and the literature) including the extra-tidal candidates.
3. RESULTS With the methodology described above we were able to identify 47 RRLs in 14 UFDs. Of them, 24 RRLs are new identifications as UFD members. The other stars were previously known. We note that Gaia did not identify all known RRLs in UFDs. In the following subsections we discuss in detail our findings for each galaxy. 
Previous ID Previous Ref.
(1)
(3) Table 2 continued
(3) 3.1. UFD Galaxies with Gaia RRLs Table 2 contains the IDs, coordinates, proper motions, light curve properties, distance to the center of the host galaxy, and heliocentric distance ( § 4) of all the Gaia RRLs found in UFDs. Coordinates, proper motions, periods, intensity-averaged G magnitudes, amplitudes in the G band, and types are all taken from the Gaia DR2 catalog (tables gaiadr2.gaia source and gaiadr2.vari rrlyrae). The only exceptions are the types for stars Boo I V8 and UMa I V4 which were changed from RRab to RRc after inspecting their lightcurves, as well as the period of UMa I V6 for which we adopted the period given in Garofalo et al. (2013) because it produces a better phased light curve of the Gaia data. The new classification for Boo I V8 agrees with the one previously given by Siegel (2006) . Gaia G-band phased lightcurves are provided as online-only figure set 14 in the Appendix section ( § A).
Gaia recovered known RRLs in several UFDs. These stars are included in Table 2 with their original IDs. Notice however that in some cases, Gaia did not recover all of the known RRLs in a particular galaxy. The most striking case is Bootes I (Boo I) which is known to contain a large population of RRLs (15, Siegel 2006 ). We only found two of them in Gaia. This seems to indicate that the completeness of Gaia in the part of the sky where Boo I is located is particularly low. For other cases, the recovery rate is not so low. In Sgr II, for example, Gaia recovers five out of the six known RRLs, 6/7 in Ursa Major I (UMa I), and 1/1 in Bootes II (Boo II) and Phoenix II (Phe II). More interestingly, we were able to associate new RRLs from the Gaia catalog to some UFDs. In some cases these are the first RRLs detected in that galaxy. In others, Gaia found additional RRL members to the ones already known.
We discuss the UFD galaxies with Gaia RRLs in three groups: (i) four galaxies with new RRLs members, all of them located within their tidal radius, (ii) six galaxies with new members including extra-tidal candidates, and (iii) four galaxies for which we recovered known RRLs in Gaia but no new members can be associated with them.
3.1.1. UFD galaxies with new RRLs members within their tidal radius Ursa Major II (Figure 1) -UMa II is one of the faintest among the SDSS UFDs. Its elongated shape may suggest it is undergoing tidal disruption. Dall'Ora et al. (2012) found one RRL in UMa II but with doubts about its period. The period was revised in Vivas et al. (2016) using data from the Catalina Real Time Transient Survey (CRTS), finding that it was indeed different to the one suggested by Dall'Ora et al. (2012) . Gaia finds this star with the same period as Vivas et al. Figure 1 shows a total of four RRLs of about the same magnitude (same color in the plot) in agreement with the proper motion of the spectroscopic members of UMa II. These stars have magnitudes between 18.18 < G < 18.37. In the sky (right panel), those four stars (encircled in red) are all relatively close to the center of UMa II, at distances between 5 to 14 . Since the tidal radius of this galaxy has been estimated to be 59. 8 , we conclude these stars must be members. Thus, UMa II has a population of four RRLs, of which three are RRab and one is RRc. The mean period of the three RRab is 0.515d, which is short for RRLs in UFDs. Based on the mean period, UMa II would be classified as an Oosterhoff (Oo) I system (Oosterhoff 1939) .
Coma Berenices (Figure 2 ) -Coma Berenices (ComBer) is also a SDSS UFD with M V = −4.4. The morphology does not show signs of tidal disruption . Musella et al. (2009) searched for RRLs in this galaxy and found two. We have found those two stars in Gaia, at distances of 2 and 8 from the center of ComBer. In our search we found one additional RRL in ComBer (Figure 2 ), which has similar proper motion and similar magnitude as the other members. The new RRL is located at 22 from the center of ComBer. Although it is much farther away than the others, it is still within the tidal radius of 26. 8 measured by Muñoz et al. (2018) . In total, ComBer then has three RRLs, two of which are RRab and one is type RRc. The periods of the two RRab stars are quite similar, 0.670 d. The new star is labeled in Table 2 as V4 since Musella et al. (2009) uses V3 for a short period variable detected in the field. Hydrus I (Figure 3 ) -Hydrus I (Hyd I) is a UFD satellite with M V −4.7 mag discovered by Koposov et al. (2018) using Dark Energy Camera (DECam) data. The kinematics for 30 stars revealed the nature of this system as a galaxy. Hyd I is a very metal-poor galaxy with a mean metallicity [Fe/H]=−2.5, located between the LMC and SMC, at ∼28 kpc from us. Its position on the sky and its line of sight velocity, makes Hyd I a strong candidate to be a LMC satellite. The colormagnitude diagram (see Figure 2 in Koposov et al. 2018) shows a few stars in the HB. Particularly, two OGLE RRLs (ab type) were associated by Koposov et al. (2018) to this galaxy: OGLE-SMCRRLYR-6316 and OGLE-SMC-RRLYR-6325, with periods of 0.67 and 0.73 d. In this work, we recover the two OGLE stars, and find two additional RRL members for Hyd I (Figure 3) . The new stars are also RRab and are located in the outskirts of Hyd I, at 16 and 21 from the center, which means that the RRLs extend up to 3.2 r h . We renamed here the two stars reported by Koposov et al. (2018) as V1 and V2, and assigned V3 and V4 to the new RRLs.
Tucana II (Figure 4 ) -Tucana II (Tuc II) is a UFD (M V = −3.8 mag) detected in DES by two independent groups (Koposov et al. 2015; Bechtol et al. 2015) . Its large physical size classifies the system as a dwarf galaxy. It is located close to the LMC (at ∼ 19 kpc) and at ∼32 kpc from us. Due to its proximity to the LMC, it is considered a likely LMC satellite. The colormagnitude diagram of Tuc II (see e.g., Figure 6 in Bechtol et al. 2015) reveals some stars located at the HB. We report here for the first time the detection of three RRLs as members of Tuc II, one is a RRab and the other two are RRc. The three stars have mean G magnitudes between 19.0 and 19.5, and are located at 5 , 6 , and 39 . The last one is at 5 r h . It is not clear if that would make this an extra-tidal star.
UFD galaxies with new RRLs members including extra-tidal candidates
The wide search we made in the Gaia catalog allowed us to identify possible extra-tidal RRLs. These stars share the same proper motion and distance as the galax-ies, but they are located far from their centers. Confirmation via radial velocities is desirable. In this category we have three galaxies, Boo I, Boo III and Sgr II, which seem to have extra-tidal stars in addition to members within their tidal radius. We also found three cases, Tuc III, Eridanus III (Eri III), Reticulum III (Ret III), in which the galaxy itself does not contain any RRLs, but for which we can associate extra-tidal candidates. However, we caution that both Eri III and Ret III are distant galaxies and consequently their RRLs in Gaia are faint and the lightcurves noisy.
Extra-tidal candidates are marked with an asterisk in Table 2 . Bootes I ( Figure 5 ) -Boo I is the brightest of the sample of UFDs closer to 100 kpc with M V = −6.02. It has a rich population of RRLs. Siegel (2006) detected 15 RRLs in this galaxy (see also Dall'Ora et al. 2006 ). Siegel (2006) assigned a Oo II classification to this galaxy. The completeness of the Gaia DR2 catalog must be particularly low in this part of the sky since it only recovers two out of the 15 stars previously known. In this galaxy we used a search radius of 2 • since this is a large galaxy, with a tidal radius of 38 . With this extended area, we were able to detect one additional star which has magnitude and proper motions in agreement with other members (Figure 5 ). This star (named V16 in Table 2 ), as well as the previously known V11, seem to be extra-tidal stars. The new star is a type c star, which brings the final census for this galaxy to seven RRab and nine RRc. Using proper motion information from the general Gaia DR2 catalog for the unrecovered RRLs in this galaxy, we confirm that all but one star are proper motion members of Boo I. Star V7 in Siegel (2006) , a type c star, seems discrepant, although error bars are large at the magnitude of the HB of this galaxy.
Bootes III ( Figure 6 ) -Boo III is a UFD (M V = −5.8 mag) discovered in SDSS by (Grillmair 2009 ). Boo III is a disrupted dwarf galaxy and could be the progenitor of the Styx stream (Grillmair 2009 ). Its large velocity dispersion together with its morphological parameters and orbit suggest that Boo III is a UFD nearing complete destruction (Carlin et al. 2009 ). Its half-light radius is large, 1 • . The search in this galaxy was done within a 2 • radius from the center of Boo III. Sesar et al. (2014) detected one RRL belonging to Boo III. With Gaia DR2, we recognized seven RRLs (Figure 6 ), including the one previously known, within our search area around Boo III, with coherent proper motions and similar magnitudes. Boo III has then four RRab, and three RRc. The mean periods of the RRab is 0.65 d, which agrees with being a Oo II system. In Table 2 we renamed the star discovered by Sesar et al. (2014) as V1, and assigned V2 to V7 to the new detections. Two of the new RRLs are located beyond the tidal radius of Boo III, which is not surprising since it is known this galaxy is disrupting.
Sagittarius II (Figure 7) -Sgr II is the third brightest galaxy in our sample with M V = −5.7. It is believed that Sgr II is a case of a satellite of a satellite since it has an orbit similar to the classical Sgr dSph (Longeard et al. 2020) , which we know is disrupting. Sgr II was searched for RRLs by Joo et al. (2019) . They found six RRLs in the field, but associated only five of them to Sgr II because one of them, V4, was too far away from the center of the galaxy. Gaia recovered five out of the six stars in Joo et al., including V4. As seen in Figure 7 , because of the similarity in magnitude and the agreement between the proper motions of V4 and the rest of the members of Sgr II, we believe V4 should be indeed an extra-tidal RRLs of Sgr II.
Tucana III (Figure 8) -The most interesting case of the UFDs with extra-tidal candidates is that of Tuc III. Tuc III is known to be disrupting since it shows clear tidal tails that extend to a few degrees from the galaxy Shipp et al. 2018; Li et al. 2018a) . Tuc III is a relatively close system, at only 23 kpc from the Sun. Our search for Gaia RRLs in Tuc III resulted in none in the galaxy itself but six at distances between 60 and 110 from the center of Tuc III, and with a narrow range of magnitudes between 17.1-17.7 (Figure 8) . Surprisingly, those star do not seem to follow the tidal tails but are distributed all around the galaxy. If radial velocities confirm the association of those RRLs to Tuc III, all the RRLs population in Tuc III would have been stripped off the galaxy.
Eridanus III (Figure 9 ) -Eri III is a distant, tiny galaxy discovered in DES by Bechtol et al. (2015) . Its half-light radius is only 0. 34 and the tidal radius is 1. 45 . We found a single RRLs with the right magnitude for being a Eri III member. The star has a proper motion in agreement with other members. However, it is located at 45 from the center of Eri III, well outside its tidal radius. RRLs fainter than G ∼ 20.4 are rare in the Galactic Halo (Medina et al. 2018) , and thus the chance that this is a Galactic star is low. The lightcurve of this RRLs is noisy since it is close to the faint limit of Gaia. Photometric confirmation is desirable.
Reticulum III ( Figure 10 ) -Ret III is another distant DES galaxy . Similar to Eri III, we found also one RRLs, a type ab in this case, at 50 from the center of the galaxy. This star is also located well outside the tidal radius of Ret III, but being also faint, G = 20.1, it would also be a rare chance if it is a field Halo star. The lightcurve is also noisy since this star is in the faint end for Gaia, requiring further confirmation.
UFD galaxies with no new RRLs members
We recovered known RRLs in four other UFD galaxies. Specifically, we recover six out of seven RRLs in UMa I, two out of three in Carina II (Car II), and one out of one in both Boo II and Phe II. The diagnostic plots for these galaxies are included as online only-material in figure set 13 in the Appendix section ( § A). Since Car II and Car III are very close in the sky, we show the two galaxies in the same plot. All of the recovered RRLs were confirmed as proper motion members of their respective galaxies.
UFD Galaxies with no Gaia RRLs
We did not find any Gaia RRLs associated with 13 of the UFD galaxies we explored: Cetus II (Cet II), Car III, Draco II (Dra II), Grus II, Horologium I (Hor I), Horologium II (Hor II), Reticulum II (Ret II), Segue I, Segue II, Triangulum II (Tri II), Tucana V (Tuc V), Virgo I (Vir I) and Willman I. Figures for 12 of the 13 galaxies are included as online only material (Figure 13 ) in the Appendix section. No figure for Tri II is presented since no RRLs were found within our search area around that galaxy. Segue II has no Gaia RRLs either within the search area but we included a diagnostic plot in this case to confirm membership of the previously know RRLs.
Out of the 13 galaxies in this group, three of those galaxies (Segue I, Segue II, and Grus II) are known to have RRLs but Gaia did not recovered them. Based on radial velocity variations, it is suspected that Segue I contains one RRLs, although its light curve properties are still unknown (Simon et al. 2011) . Gaia DR2 did not recover either of these stars. Although there are three RRLs within our search area, and two of them have similar magnitudes around G = 17.4, which is also the same magnitude as the known RRL, none of those two stars agree with the proper motions of the galaxy. They are also located far away from the galaxy, at 39 and 49 , which is beyond the tidal radius (16. 4, Muñoz et al. 2018 ). On the other hand, Grus II and Segue II are known to have one RRL each Boettcher et al. 2013, respectively) , but Gaia did not recover these stars either. Indeed, there are no RRLs at all within 1 • of the center of Segue II. We confirm that the proper motions of the known RRLs in Grus II, Segue I and Segue II, which were taken from the main Gaia DR2 catalog, agree with those of their respective galaxies. Car III and Willman I have been searched before for RRLs (Torrealba et al. 2018; Siegel et al. 2008) with no positive results, in agreement with our search in Gaia DR2.
There has no been previous searches in any of Dra II, Tri II, Cet II, Ret II, Tuc V, Hor I, Hor II, and Vir I. Although it is possible that those galaxies indeed have zero RRLs, this is far from a robust result since it is known Gaia DR2 is quite incomplete in some parts of the sky (Clementini et al. 2019) . This is particularly true for the last three of the above, because they are located beyond ∼ 80 kpc and their RRLs, if they exist, would have magnitudes G 20.5, close to the Gaia limiting magnitude. A careful search for variables in all these galaxies is recommended.
The case of Cet II deserves some discussion. In the field around Cet II, there are three RRLs with similar magnitudes, G = 17.4 (Gaia IDs 2355331134227155072, 2358342868374410624 and 2358458488893773568). Although their magnitudes are close to the expectation for Cet II, their proper motions are incompatible with the ones found for this galaxy by Pace & Li (2019) . They are also located far from the center of Cet II, at more than 12 r h . Conn et al. (2018a) points out that the Sgr trailing arm crosses the same region of Cet II at approximately the same distance, and the wide distribution in the sky of those three RRLs suggest they may instead be Sgr stars.
Similarly, the Chenab stream (Shipp et al. 2018 ) cohabits the same region of the sky as Grus II. Martínez-Vázquez et al. (2019) found two stars which seem to be associated with the Chenab stream when looking for RRLs in that galaxy. With Gaia we recovered one of these stars (Chenab-V4), and we found another one (Gaia ID 6561477651849190912) with similar magnitude to Chenab-V4 but farther away from the center of Grus II, at 54 . Since streams are wide structures, it is reasonable to think this star may be also a Chenab member.
In the case of Ret II we found two RRLs with very similar mean G magnitudes, 18.41 and 18.46, one of them within the tidal radius of the galaxy. Unfortunately none of them have proper motions reported in Gaia DR2. Although it was very tempting to associate them to Ret II based on their magnitude and location, the final inspection of the light curves and image stamps of those stars indicate these were actually galaxies misclassified as RRLs in Gaia. The CMD also show that these two stars are too red for being RRLs.
DISTANCES
We calculate the distance modulus to each RRL using the absolute magnitude, M G , versus [Fe/H] relation obtained by Muraveva et al. (2018) : (1)
The metallicity for each galaxy was taken from Table 1 (column 6), and the apparent G measurements from Table 2 (column 7) . For Ret III, which has no available measurement of [Fe/H], we assumed the mean value for all the UFDs, which is −2.4 dex. For the reddening correction we used A G = 2.740 E(B − V ) (Casagrande & VandenBerg 2018) . The excess color E(B − V ) (Schlegel et al. 1998 ) was obtained using the python task dustmaps (Green 2018) .
The uncertainties in the distances were obtained by propagation. In this calculation, the error in the metallicity was assumed to be 0.2 dex, and the error in the extinction is conservatively considered to be the 10% of its value. The photometric error was taken directly from the Gaia catalog (column int_average_g_error). In addition, we included the dispersion of the M G -[Fe/H] relation which turned out to be 0.14 mag after doing a Monte Carlo propagation of eq 1. Individual distances and their errors are shown in columns 13 and 14 of Table 2.
Finally, in Table 3 we show a compilation of the mean distances obtained for each system by averaging the individual distances of RRLs in each galaxy. In the averages, we included all RRLs, taking account of the extra-tidal candidates. Distances so calculated agree with the literature values we compiled in Table 1 , excepting four galaxies: Boo II, Eri III, and Sgr II.
For Eri III this is the first distance estimate based on RRLs. The discovery papers of this galaxy suggest distances of 87 kpc (Koposov et al. 2015) , and 95 kpc . Later, Conn et al. (2018b) derived a distance of 91 ± 4 based on deep photometry of the galaxy. Our distance of 98±9 kpc disagrees with the one given by Koposov et al. (2015) , but within errors agrees with those given by Bechtol et al. (2015) and Conn et al. (2018b) .
From deep photometry, Longeard et al. (2020) find a distance of 73.1 +1.1 −0.7 kpc for Sgr II. The Gaia RRLs distance suggest a closer distance, 62 ± 6 kpc, which is in agreement with the distance given by Joo et al. (2019) of 64 ± 3 kpc, also based in RRLs.
For the Boo II UFD, Muñoz et al. (2018) derived a distance of 47 kpc. Instead, our distance determination using Gaia RRLs results in a closer value of 40 ± 4 kpc, in good agreement with the earlier estimate, also based on RRLs (39 ± 2 kpc, Sesar et al. 2014) .
CONCLUSIONS
In this work we mine the catalog of RRLs of Gaia DR2 (Clementini et al. 2019) for such stars in 27 UFD galaxies with heliocentric distance ≤ 100 kpc, which is about the faint limit for this catalog. Although the Gaia catalog of RRLs is known to have varying completeness depending on position in the sky, we were able nonetheless to associate 47 RRLs to 14 different UFDs, including four galaxies in which no search for variable stars had been done before. About %50 of the RRLs are being recognized for the first time as members of UFDs. We presented new distance estimates to UFDs based on the Gaia RRLs. Among the 14 UFDs with RRLs, six contain candidates to an extra-tidal population, suggesting these galaxies may be in the process of being disrupted.
Further confirmation via radial velocities of those stars would be desirable.
In Figure 11 we show the number of known RRLs in each UFD as a function of their M V . The red line is the power-law fit that Martínez-Vázquez et al. (2019) obtained using data for all dwarf satellite galaxies around the Milky Way and Andromeda in addition to isolated galaxies and two Sculptor group dwarfs, spanning near 17 magnitudes in M V . The fit was done using only galaxies in which a search for RRLs has been carried out in areas enclosing > 2 r h (i.e. the search should be complete, or close to complete). Martínez-Vázquez et al. (2019) found that several UFDs fall below that line (see their Figure 10 ). The updated number of RRLs obtained in this work brings most UFDs close to the fitted line. Tuc III, at M V = −1.3 is a clear outlier in this plot. The galaxy has an unusual high number of RRLs for UFDs of similar M V . Tuc III is a disrupting galaxy and, actually, all of the RRLs we found here are extra-tidal stars. The total luminosity of this galaxy may be larger if the mass lost by disruption is taken into account. This may explain the high number of RRLs found. In any case, confirmation of membership of the RRLs in this galaxy with radial velocities is needed.
The RRLs in UFDs are quite spread out in an amplitude versus period diagram (a Bailey diagram), not following a unique locus of the Oo groups. In Figure 12 we show the Bailey diagram for the Gaia RRLs in UFDs as red solid circles. We included also the RRLs not found in Gaia for the galaxies in our study, scaling their original amplitudes to the G band, using the Amp G -Amp V relationship given in Clementini et al. (2016) . In the case of UMa I and Car II we first converted their B and g amplitudes, respectively, to V scaling by 0.845 and 1.29. Those scale factors were obtained from photometry of RRLs in M68 for the B band (Walker 1994) , and in Crater II for the g band ). In the background of Figure 12 we display the location in this diagram for all 138,406 RRab and RRc in the Gaia catalog (RRd are not plotted). The bulk of that catalog belongs to the Halo population. As expected, most of the Halo RRab stars lie with the Oo I group. Thus, UFDs do not seem to be the main contributor to the Halo population of RRLs.
There are 10 UFDs within 100 kpc which seem to contain no RRLs. Only in two of them, previous dedicated searches had concluded that those galaxies indeed do not host RRLs. Because of the known Gaia completeness issues, further searches on the remaining galaxies is recommended.
We are indebted to the anonymous referee for a constructive review of the paper. This work has made use of data from the European Space Agency (ESA) mission Gaia (https://www.cosmos.esa.int/gaia), processed by the Gaia Data Processing and Analysis Consortium ¡0:5 0 0:5 1:0 1:5 2:0 2: Figure 13 . The left and middle panels show the map in equatorial coordinates and the proper motions of RRLs within a 1 • radius of the galaxy (solid circles). In both panels, the color of the circles scale with the mean G magnitude of the star, and spectroscopic (or proper motion) members are shown as grey crosses. Previously known RRLs in this galaxy are marked with magenta + symbols. In the left panel, the ellipse indicates the half-light radius (see Table 1 ). The right panel is a Gaia CMD (grey background) of stars within 1 r h from its center. (DPAC, https://www.cosmos.esa.int/web/gaia/dpac/ consortium). Funding for the DPAC has been provided by national institutions, in particular the institutions participating in the Gaia Multilateral Agreement. Table 2 . Fig. Set 13 . Diagnostic plots for galaxies with no new Gaia RR Lyrae or no RR Lyrae stars at all as described in Sections 3.1.3 and 3.2 Fig. Set 14. Gaia G-magnitude phased light curves for RR Lyrae stars in Table 2. 
